Background: Although alcohol-based surgical hand preparation offers potential advantages over the traditional surgical scrubbing technique, implementing it may be challenging due to resistance of surgeons in changing their practice. We aimed to implement alcohol-based surgical hand preparation in the hospital setting evaluating the impact of that on the quality and duration of the procedure, as well as on the prevention of surgical site infections. Methods: A quasi-experimental study conducted at a tertiary-care university hospital from April 01 to November 01, 2017. Participants were cardiac and orthopedic surgical teams (n = 56) and patients operated by them (n = 231). Intervention consisted of making alcohol-based handrub available in the operating room, convincing and training surgical teams for using it, promoting direct observation of surgical hand preparation, and providing aggregated feedback on the quality of the preparation. The primary study outcome was the quality of the surgical hand preparation, inferred by the compliance with each one of the steps predicted in the World Health Organization (WHO) technique, evaluated through direct observation. Secondary study outcome was the patient's individual probability of developing surgical site infection in both study periods. We used the Wilcoxon for paired samples and McNemar's test to assess the primary study outcome and we build a logistic regression model to assess the secondary outcome. Results: We observed 534 surgical hand preparation events. Among 33 participants with full data available for both study periods, we observed full compliance with all the steps predicted in the WHO technique in 0.03% (1/33) of them in the pre-intervention period and in 36.36% (12/33) of them in the intervention period (OR:12.0, 95% CI: 2. 4-59.2, p = 0.002). Compared to the pre-intervention period, the intervention reduced the duration of the preparation (4.8 min vs 2.7 min, respectively; p < 0.001). The individual risk of developing a surgical site infection did not significantly change between the pre-intervention and the intervention phase (Adjusted RR = 0.66; 95% CI 0. 16-2.70, p = 0.563).
Background
Surgical site infection (SSI) is a worldwide concern. A study conducted in 16 European countries identified that 20% of all notified healthcare-associated infections were related to surgical procedures [1] . In Florida, SSI represented one-third of all cases of healthcare-associated infections [2] .
Surgical hand preparation is recommended by both the Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO) for preventing SSI in all kinds of surgical procedures [3] . There are two well-recognized methods for performing surgical hand preparation. The most traditional one is scrubbing hands and forearms with antimicrobial soap, usually 2% chlorhexidine or 10% povidone-iodine (PVPI). More recently, alcohol-based surgical hand preparation has been proposed as an alternative to surgical scrub [3] [4] [5] [6] [7] [8] . Among potential advantages of the alcohol-based procedure are: less skin irritation, less time-consuming, economy of tap water, and more potent antimicrobial effect [9] .
However, surgeons may be skeptical about adopting alcohol-based surgical hand preparation, and this may represent a challenge for implementing such a strategy in the operating room. A study carried out among 156 healthcare professionals in a medical center in Taiwan identified that a higher number of nurses employed alcohol-based handrub (ABHR) for surgical hand preparation as compared to surgeons. The authors attributed this finding to the greater familiarity of surgeons with the traditional surgical hand preparation technique and to their higher reliability on the antiseptic effect thereof [10] .
Therefore, studies performed in the real world scenario are necessary to confirm the benefits of using ABHR for surgical hand preparation, predicted mostly by lab studies. Implementation research studies entail: (i) testing strategies to face obstacles and (ii) determining the best strategy to introduce innovations or to promote sustainable changes [11] .
The present study aimed to implement the exchange of using antimicrobial soap for using ABHR in the context of surgical hand preparation and to evaluate the impact of that on the quality and duration of the procedure, as well as on the prevention of surgical site infections.
Methods
This quasi-experimental study was conducted from April 01 to November 01, 2017 in a tertiary-care public-affiliated university hospital in Brazil. The Research Ethics Committee of the study institution approved its protocol before the study implementation (n°64,964,217.9.0000.5440).
The study population consisted of all members of the cardiac and orthopedic surgical teams of the study facility and all patients operated by them during the study period. Each patient was included just one time in the study, so re-operations during the study period were not considered in the data analysis.
In the pre-intervention period, which lasted 3 months, traditional surgical scrub was performed with antimicrobial soap (either 2% chlorhexidine or 10% PVPI) before every surgery and ABHR was not available for surgical hand preparation. Direct observation of the procedures was implemented as a part of the data collection.
Just after the pre-intervention period, we started the implementation period, which lasted 1 month, and during it no data was collected. The intervention consisted of making ABHR available in the operating room, convincing and training the selected surgical teams for using it, promoting direct observation of surgical hand preparation, and providing them aggregated feedback on the quality of the preparation. The training consisted of a 4 h workshop, repeated five times, when the scientific literature about surgical hand preparation was reviewed and the participants were instructed about how to apply ABHR for this purpose, according to the WHO technique. To ensure the covering of all hand and forearms surface, we asked all participants to apply a fluorescent ABHR simulating the surgical hand preparation, which was afterwards revealed by a fluorescence apparatus.
Just after the implementation period, the intervention period began, and the data collection re-started. The intervention period also lasted 3 months.
The primary study outcome was the quality of the surgical hand preparation, inferred by the compliance with each one of the steps predicted in the WHO technique, evaluated through direct observation in the operating room. Secondary study outcome was the patient's individual probability of developing SSI in both study periods.
The following instruments were employed for data collection: 3) Surgical hand-preparation quality assessment -an instrument based on the WHO technique and framing the following items was designed: time spent on surgical hand preparation, use of jewelry (e.g., rings, wristwatch, and bracelets), short nails, and compliance with all the antisepsis steps (palm to palm; right palm over back of left hand and viceversa; interdigital spaces, thumb, nails, fingertips, wrist, and forearm). Two investigators with extensive training in hand hygiene and surgical hand preparation performed these observations in both study periods.
Taking into account the previously unknown baseline status of the quality of the surgical hand preparation (primary study outcome) in the study facility, we could not estimate a sample size for the study. The period of 3 months for the pre-intervention and 3 months for the intervention was chosen for convenience. Data were analyzed with the STATA SE® software version 14. First, a descriptive analysis was accomplished. Then, we calculated the weighted average for each surgical team member of the compliance with each one of the steps of the WHO technique for surgical hand preparation (primary study outcome) and we used the Wilcoxon test for paired samples to compare it between the two study periods. We also used McNemar's test to compare full compliance with the WHO technique observed before and after the intervention. Finally, we build a logistic regression model to assess the secondary study outcome (SSI risk) on the patient level, adjusting it for surrogate markers of baseline severity status, such as pre-operative length of stay, ASA score, and other potential risk factors for SSI implicated in univariate analysis (p < 0.10).
Results
All cardiac and orthopedic surgery staff members agreed to participate in the study and were included in the pre-intervention and intervention phases, totaling 56 participants. All the 231 patients who had undergone cardiac (85 patients) or orthopedic (146 patients) surgeries during the study period were also included. Table 1 contains a descriptive analysis of selected demographical and clinical characteristics of the patients operated in pre-intervention (132 patients) and intervention (99 patients) phases. Although a reasonable balance was observed for most of these variables between the two study periods, we have detected some important differences. Median age was higher in the pre-intervention (53.7 years old) than in the intervention phase (46.9 years old). Orthopedic surgery was less frequent in the pre-intervention (57.6%) than in the intervention phase (70.7%). The average duration of the procedures was shorter in the pre-intervention (median time: 175 min) compared to the intervention phase (median time: 240 min). Technical complications during procedure were more frequent in the pre-intervention phase (3.8% vs 1%) than in the intervention phase. In addition, finally, post-discharge follow-up reached more patients in the pre-intervention (86.4%) than in the intervention phase (73.7%).
Surgical hand preparation quality assessment
We directly observed 534 surgical hand preparation events. In the pre-intervention phase, 303 events were observed, and in most of them 2% chlorhexidine (n = 180) was employed for surgical scrub and, in the remaining events, 10% PVPI (n = 123) was used. In the intervention phase, we observed 231 events of alcohol-based surgical hand preparation (Table 2) . Compliance with most of the steps predicted by the WHO technique did not significantly varied between the two study periods. However, average compliance with the scrubbing of the thumb in the pre-intervention period (86.2%) was lower than the rubbing of the thumb in the intervention period (96.9%), and that difference was borderline statistically significant (p = 0.052). Nail scrubbing was observed in only 33.7% of events when chlorhexidine was employed and in only 41.5% of the events when PVPI was used. Interestingly, hands rinsing at the end of surgical hand preparation was performed only in 72.3% of the events in which PVPI was used. Another problem detected in the scrubbing period was that only 13.5 and 18.0% of the participants did not get back to hands after scrubbing the forearms, while using chlorhexidine and PVPI, respectively.
Considering a subset of 33 participants with full data available for both study periods, we observed a full compliance with all the steps predicted in the WHO technique for surgical hand preparation in 0.03% (1/33) of them in the pre-intervention period and in 36.36% (12/33) of them in the intervention period (OR:12.0; 95% CI: 2. 4-59.2; p = 0.002).
The median scrubbing time was 4.8 min when the surgical team used chlorhexidine, and 4.9 min when they used PVPI. This was significantly longer than the median 2.7 min spent on rubbing hands and forearms, in the intervention period (p = 0.001). 
Analysis of potential risk factors for surgical site infection
We analyzed all 231 patients operated during the study period. Among patients operated in the pre-intervention period, 8.3% (11/132) developed SSI, while during the intervention period, SSI rate was reduced to 4.0% (4/99), although those differences did not reach statistical significance (RR = 0.48, 95% CI 0. 16-1.48). Table 3 exhibits the univariate analysis of the potential risk factors for SSI observed during the study implementation. According to that analysis, no variable was implicated as a predictor of SSI and the alcohol-based surgical hand preparation, implemented in the intervention period, was not considered to impact on the individual probability of developing SSI (RR = 0.48, 95% CI 0. 16-1.48, p = 0.281). Table 4 presents the multivariate analysis of the impact that alcohol-based surgical hand preparation could have over the individual probability of developing SSI, adjusted for pre-operative length of stay and ASA score. This analysis was performed for a subset of 150 patients, for whom all the data, including ASA score, was available. According to that, alcohol-based surgical hand preparation was not predictor nor protective against the individual risk of developing SSI (adjusted RR = 0.66, 95% CI 0. 16-2.70, p = 0.563).
The incidence of SSI caused by multidrug-resistant microorganisms was 6.06% (8/132) in the pre-intervention period, dropping to 1.01% (1/99) in the intervention period (RR = 0.17, 95% CI 0. 21-1.31, p = 0.082).
Difficulties faced during implementation of an ABHR for surgical hand preparation
Two surgeons, one of the orthopedic surgery staff and another of the cardiac surgery staff, at first, reported that they did not rely on the ABHR effectiveness. Therefore, we scheduled meetings to show them that ABHR was actually efficient for surgical hand preparation. The professionals received all the information via email or printed articles. After this approach, these two surgeons complied with the use of ABHR during the intervention phase.
Discussion
Many advantages of using ABHR for surgical hand preparation have been proposed by scientific literature, mostly based on laboratory-based studies [12] [13] [14] [15] [16] . Among those advantages, we can highlight less skin irritation, less time-consuming, economy of tap water, and more potent antimicrobial effect. However, only a few studies have attempted to implement and evaluate alcohol-based surgical hand preparation in a real world scenario [17, 18] . The present study adds evidence on this topic, confirming some of the predicted benefits.
The studied intervention consisted of making ABHR available in the operating room, training surgical teams for using it, promoting direct observation of the preparation, and providing them aggregated feedback on the quality of the preparation. That intervention was demonstrated effective for enhancing the quality of the preparation, and for shortening the time spent on the preparation. Regarding SSI prevention, the intervention was proven at least equivalent to the previous protocol, focused on the surgical scrub with antimicrobial soap. An observational study of traditional surgical hand preparation by scrubbing with chlorhexidine solution detected unsatisfactory preparation, especially with respect to the mean scrubbing time, which was lower than the time advocated in the literature [13] . In another study. Nail scrubbing was observed in 33.7 and 41.5% for 2% chlorhexidine and 10% PVPI solutions, respectively. Most healthcare professionals followed all the scrub steps during surgical hand preparation, which promoted an abrasive effect of scrub brush on their skin. This is the reason why the WHO does not recommend the use of scrub brushes [19, 20] .
A study involving 156 healthcare professionals in southern Taiwan evaluated the microbial load reduction after surgical hand preparation and found that ABHR had a highly persistent effect (P = 0.001) [12] . Another study verified an improved microbial load reduction when an ABHR was employed (1.91-1.52 log10), as compared to chlorhexidine (0.82-1.16 log10) and PVPI (0.52-0.92) solutions [21] .
A systematic review of 14 randomized clinical trials compared the efficacy of chlorhexidine, PVPI, and ABHRs. ABHR was as effective as or more effective than antiseptic agent solutions. Nail scrubbing was the surgical hand asepsis step with the lowest evidence level. Moreover, the SSI rates were similar in all cases [17] .
In a randomized clinical trial conducted in France between January 01 of 2000 and March 01 of 2001 with 4387 surgical patients, the SSI rates were similar for antiseptic agent solution and ABHR [55 cases (2.4%) vs 53 cases (2.48%)], respectively [18] .
Our study presents some important limitations. First, a small imbalance was observed in some of the clinical and demographical features of the patients included in the pre-and in the intervention phases. However, none of those characteristics could affect the primary study outcome, and none of them was actually demonstrated to interfere with the secondary study outcome, in multivariate analysis. Second, compliance with post-discharge follow-up was greater in the pre-intervention than in the intervention period, which could lead to an underestimation of the SSI rate in the intervention period. Third, as the intervention was multifaceted, we are not able to infer the individual impact of each one of its components over the study outcomes.
Conclusion
The present study provides support for the routine use of ABHR for surgical hand preparation. Our results demonstrate that, when compared to the traditional surgical scrubbing with antimicrobial soap, alcohol-based surgical preparation, along with proper training, may improve the quality of the preparation, reduce the time spent on the preparation, and it is at least equally effective for the prevention of surgical site infections. Availability of data and materials All data generated or analyzed during this study are included in this published article. The anonymised datasets analysed during the current study are available from the corresponding author (GGG; ggaspar@hcrp.usp.br) on reasonable request, as long as this meets local ethics and research governance criteria. 
